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RESISTAKCE OF TEMPERED SYEEL TO ERTTTLE FRACTURE

Ya. M. Foiak
Cand Tech Sci
S. I. Magazanik
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An anslysis of oreakdowns cf steel airplane parts shows that the fracture is
almost always of the brittle tvre without any traces of plastic deformationr. The
d¥ittle raturs ot the fq.piure i: not caused, however, by the low plasticity c®
tke metal. In alm.st allitases, the mechanical properties (incluiing relative

4melongation, compression of the transverse croes section and resilience) of the
65" fractured parts satinfy all technical specifications. The greatest number of
brittle fractures occur in those high-strength parts which are heat-treated (an-
¥ pesled awd Lhsa bempsred at 200 dcgrocc contigreds) for temsils ntrengihs of 240

£0°180 kilograms per squsre millimeter.

Parts which are tempered at higher temperatures (around 500 degrees centi-
grade) and for tensile strengfis of 110 to 130 kilograms per square millime.er
- undergo brittle fracture comparatively rarely, altkough with respect to plasticity

I and rssilispce the metsl of thege parts is practically the sazme ra the metal of I
the parts treated for the higher tensile strengths. Thus, experience shows that
plasticity and resilieance do not alane determine the abiliLy of & steel to resist )
brittle fracture. _

. Preaous work by Ye. B. Fri Doctor of Technical Sciences, developed )

from the verk of Acaderician N. X. Dhvidenkov, has shown that there are two

basic strength characteristics, namely, maximum resistance to normal stresses,

or registance to break, and maximum resistance to tangential stresses, or »e- ‘g‘

sistance to shear. The maximum resistance to noxmal stresses, upon which brittle h

fracture depends, cannot be determined by testing smooth specimens of structursl

steel because the maximum resistance to tangential streases is considerably less
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in absolute wvalue than thé maximum récistance to normal stresses,; and this the
breek of smooth specimens under axial tension is always of a plastic nature.
However, in notched specimens, the nermel stresses are considerably greater in
megnitude than in the tension of smooth specimens. In fact, the normal stresses
per part are 2(R+1) times the tengential strssses, where R ir the area of the
notch in percent.

Due to the different physical nature of the two types of fracture { shear
and break), the dependence of these strength characteristics upon the various
Pactors in heat treating, smelting, or alloying of steel may be not only dif-
ferent but often even diametrically oppesite. The diagrems of mechanical state” .
propos~d by Fridman described the dependence cf: the type of fracture of parte
or specimens upon the form of the stress state and the maximum resistance of
the steel to normal and tangential streesss. Illustrations of these diagrams:
of mechanicsl state show that instrument steel fractures irom shear under P
torsion and from break under tension or bending; that high-strength structural .
¥ - o ; steel fractures from shear under torsion, temsion, or bending of a smooth .
""" AR specitn, snd from break under tension or temding of:a notched specimen; and L
: that medium and low-strength structurel steel fractures from shesr from torsion '
tension, or bending of swooth or notched specimens. ’

When the hardness is increased, the resistance to tangential stresses in-
creases, while the resistance to sormal stressee. as a rule, decreases.. This
explains why high-strength steell which have considerable plasticity in the
testing of smooth specimens undergo brittle fracture from normal stresses in
the testing of notched specimens. Thus, hardness, which 1s connected physically
with the ability of steels to resist tangential stresser, cannot be used to
evelvate the ability of a steel to resist nor.al stresses.

A geueral rule has been established which shows that with an increase in
the tempering temperature and, corsequently, a lowering of the yield streugils,
the vasisiance to tangential stresses decreascs while resistance to normal
stresses increases. This general rule was checked by benling tests of cylin-
drical, sharply-notched specimens. This type of specimen ensures brittle
fractu. trom normal stresses in almnst all high-strength steels. The graphs
drawn for the dependence cf the brittle strerngth of Chremansil stee} and the
chrome steels 26Kh and 38Kh upon the teumpering tempersture showed that the
brittle strength increaged with an increasing temperature up to 500 degrees
centigrade for all three steels. Thus, the rule was ccnfirmed.

This zule, however, is not gquite absolute, since the Lrittle strenglh of
a steel depends upon the metal‘s capacity for plastic derormation as well as
its ability to resist rormsl stivsses. This wap proven by tests of certaln
Tusiona ot structural steel (U42KbA, 44hNMA) which exhibited tremendous drops
in brittle strength for the tempering temperature Interval 300-400 degrees
centigrade. A substantial decrease of the plasticity of the steels was noted
for the same temperature interval both for torsicnel and bending tests of
Menazhe specimens. The interconnection of {the two factors wes further demon-

' strated by a test in which a steel (30KhGSA) which did not exhibit a drop of

brittle strength for tempering at 300 degrees centigrade and testing at room
temperatures did show this drop to an increasing degree when tested at temper-
atures of minus 70 and minus 193 degrees,; l.e., when the steel was less plastic.

A third factor influencing the brittle strength of a steel is its al-
loyicg. Previous tests by Potek and Bushmanova showed that chrome and nickel

increase the brittle strength while phosphorus and carbon decrease this
characteristic.

Probably the most important result of these tests i1s that they established
thet heat treatment of steel parts for bigh-yileld strength reduces their ebility
to resist trittle fracture, despite the fact that the plasticity and resilience
remsin high. Thus, the use of steels treated for high-yield strengths for butt
joints, bolts, and other parts having notches orx sharp variations of cross
section 1s undesirable. p
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